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Introduction

Relevance of the research. The main reason of the growth of polymer
blends study — they are widely used into variety applications. Properties of
polymer blends are rarely simple averages of the components. However, some
polymer combinations may exhibit more desirable properties than the parent
polymers; this is the synergism of polymer blending. In the early stages the
tremendous efforts were made to obtain homogeneous polymer blends. In
modern technology, the great advantages are offered to heterogeneous blends
with varying phase-separated structures. The type and dimensions of the
morphology determine the properties of blend. Therefore, relationship between
morphology and properties of polymer blend is paramount in both research and
development and production, also.

The study of heterogeneous polymer system surface and interphase
properties have been growing intensively, because of they important role in
morphology. These investigations allow to control processes, for which
properties and structure of boundary layers are essential.

The goal of the dissertation was to investigate the peculiarity of
morphological changes of the modified polychloroprene adhesive in the aim to
predict the mechanical and adhesive behaviour and to produce composition
with useful and essential properties.

The objectives of the research are the following:

— to improve the adhesion properties of the polychloroprene adhesive by
blending various polymeric additives;

— to investigate rheological behaviour of modified polychloroprene
adhesive;

— to evaluate relationship between structure and properties of modified
polychloroprene adhesive;

— to determine the influence of the surface properties of polymeric
additives on the adhesion properties and structure of polychloroprene
composition;

—  to estimate the miscibility level and intermolecular interaction between
polymers and to determine its influence on the polychloroprene
adhesive properties.

Scientific novelty of the dissertation. Effective way to modify adhesion
properties of composition is blending of different nature polymeric additives.
As our investigations have shown, vinyl esters of versatic acids derivatives,
piperylene styrene copolymer, poly(methyl methacrylate), izoprene or
butadiene-nitrile rubbers can change polychloroprene adhesive properties.

The obtained data provide required information about the relationship
between morphology and properties of the modified solvent-based
polychloroprene adhesive composition:
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— the viscosity data of pure polymers was used to analyze the phase
behavior of blends;

— the development of morphology of immiscible non-Newtonian polymer-
polymer dispersions has been analyzed using the models of the breakup
and coalescence phenomena together with the rheological data. The
relationship between particles sizes, concentration and viscosity ratio has
been determined;

— the surface tension values of polymers films, obtained by experimental
and theoretical methods, have been compared in order to obtain the right
surface tension values;

— the improvement of polychloroprene adhesion properties by different
surface properties polymeric additives has been estimated;

— the interaction between composition phases and compatibility on the
adhesive properties has been investigated.

The obtained results can be used for the prediction and optimization
adhesion properties of other polymer compositions. The investigations are
important not only from technological but also from the scientific points of the
view.

Approbation of the research results. The results of the research were
presented in the 7 scientific publications.

Structure of the dissertation. This dissertation consists of: introduction,
four chapters, conclusions, list of references (200 entries) and list of scientific
publications. The materials of the dissertation are presented in 109 pages,
including 64 figures and 24 tables.

Content of the dissertation

Introduction presents the relevance of the research, definition of the
research aim and objectives, survey of the scientific novelty and practical value
of the dissertation.

Chapter 1. Literature review gives the view of relevant publications related
to the theme of dissertation. Thermodynamic as well as kinetic aspects of
structure and morphology control of polymer blends were described. Also in
this chapter discussion of the compatibility of blends and factors affecting them
was presented. The importance of surface or interphase phenomenon for the
final properties of blends is described.

Chapter 2 presents materials and methods of investigations. Chapter covers
synthesis of polymers, molecular weights and measurements of glass transition
temperatures. The mechanical properties tests, steady shear viscometric
measurements of polymers solutions and measurements of peel strength of
adhesive joints are included, also. The methods for characterization of surface
composition and structure of polymers films, such as contact angle goniometry
and atomic force microscopy, are presented.
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Table 1 summarizes the molecular weights and glass transition temperatures
of materials to be used for investigations.

Table 1. Characterization of materials used for investigation

Molecular Glass transition

Polymer weight temperature

M,10° T, °C
Polychloroprene (PCP) 300 -45
VeoVa-10 1 160 -3
VeoVa-10 11 140 -3
VeoVa-10 IIT 132 -3
VeoVa-11/methyl methacrylate/2-ethylhexyl 100858 11
acrylate copolymer (VeoVa-11/MMA/2EHA)
VeoVa 10/vinyl acetate copolymer 596 2
(VeoVa-10/VAc)
piperylene-styrene copolymer (PSC) 35 55

In Chapter 3 is shown that various polymeric additives can modify
structure, adhesion, mechanical and rheological properties of solvent-based
polychloroprene adhesive. The properties of modified adhesive depend on the
content, structure and nature of additives and are related to morphology and
interaction between composition phases.

Influence of vinyl esters of versatic acids derivatives (VeoVa). Copolymers,
such as VeoVa-11/MMA/2EHA and VeoVa-10/VAc (the weight ratios was
60/30/10 and 35/65, respectively) improve the properties of polychloroprene
adhesive. It was defined that effective content of VeoVa copolymers leads to
significant changes of PCP rheological behaviuor. The viscosity of modified
PCP depends on the shear rate, temperature, type of copolymer and interaction
between composition phases.

Shear thinning index (STI) was used to evaluate the pseudoplastic behaviour
of modified adhesive. It was found that pseudoplasticity increases, when
copolymers content increases. Meanwhile, pseudoplasticity of unmodified PCP
adhesives is significantly lower than those of the copolymers.

The viscosity of modified PCP was described by the additivity rule:

logn,, = ¢ logn, + ¢,logn, (1)
where ¢, ¢, are the volume fractions of the two phases, 75, 77, ir 77, — shear
viscosities of the blend and the two phases, respectively. The negative
departure of the viscosity—composition relationship from the log-additivity rule
of PCP modified by VeoVa-10/VAc was found at all composition range
(Fig. 1). Therefore, it determines that blend is thermodynamically immiscible
and form two phase structure.

It was found that an interrelationship between the structure and rheological
properties of the blend exist. The sharp minimum of the viscosity of PCP at the
1 wt% of VeoVa-10/VAc, may correspond to the spontaneously formation of
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dispersion, in which the particle sizes are very small. Owing to small size of the
particles and low interaction between two phases in a given region of
composition, there exists a highly developed interfacial surface with low
intermolecular interaction. It confirms micrographs of this blends (Fig. 2 a). It
is evident that blend consists of VeoVa-10/VAc domains dispersed in PCP
matrix when amount of copolymer is held at 3 wt%. Size of particles ranges
from 0.5 pm up to 2.0 pm.

3.8 log 7=2.57+0.47 0,-0.05 0,>+0.9¢"*
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Fig. 1. Viscosity as a function of VeoVa-10/VAc content in PCP adhesive at shear rate
y =13.75s"

Fig. 2. Morphology of modified PCP adhesive films at different VeoVa-10/VAc
content, wt%:a—3;b—4;c—6

As VeoVa-10/VAc content is about 4 wt%, the size of particles and
interaction between phases increase, indicating the increase of PCP viscosity
(Fig. 2 b). Meanwhile, the further increase of the copolymer content causes the
formation of inversion structure of adhesive (Fig. 2 c) and viscosity of PCP
decreases (Fig. 1).

It was found that viscosity of VeoVa-11/MMA/2EHA modified PCP
adhesive is above the log-additivity curves at all investigated composition
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range (Fig. 3). In this case 10- 15 wt% of the copolymer increases viscosity in
65-85%. From Fig. 4 it is evident that at 3 wt% of VeoVa-11/MMA/2EHA
suspension structure is obtained — disperse phase in the matrix is dispersed in
the form of different sizes spherical droplets. The size of domains grows when
content of additive increases and boundary between the phases has high
brightness. It may by assume that these morphological changes cause
significant increase in the viscosity of modified PCP adhesive.
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Fig. 3. Viscosity as a function of VeoVa-11/MMA/2EHA content in PCP adhesive at
shear rate ¥ =4.86 s

Fig. 4. Morphology of modified PCP adhesive films at different
VeoVa-11/MMA/2EHA copolymer content, wt%: a — 3; b — 15; ¢ — 35

Higher amount of copolymer exhibits polymer separation, formation of
inversion structure of the blend and decrease in adhesive viscosity (Fig. 3 and
Fig. 4).

Whereas properties of blends of immiscible polymers depend on the phase
morphology, was important to study the relationship between polymer
characteristics, processing condition, blend composition and composition
structure. During flow a structure of composition was investigated as a result of
break-up and/or coalescence of dispersed particles. The state of particles
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depends on the viscosity ratio A (A=m,/n,, n,and 7, —the viscosities of
dispersed and continuous phases) and capillary number Ca (Ca=ny/y,,r —
the particles radius, y — the shear rate, y, — the interfacial tension). The
demarcation between the stable and unstable states of particle can be expressed

by the critical capillary number Cay (Caee=0.0542"). If capillary number
exceeds the critical value Ca > Ca,,;, the particles burst.

VeoVa—-11/MMA/2EHA particles distribution in PCP adhesive as a
function of the copolymer content is shown in Figure 5. It was found that
particles distribution curves have distinct maximum, the position of which
changes in the dependence of the copolymer content. The increase of the
copolymer causes the curves maximum shift to the side of larger particles
radius (from r=0.5um to r=2.5um). Investigations show that similar
processes proceed when time after blend homogenization increases. It may be
related to the both particles coalescence during solution mixing and solvent
evaporation processes. The coalescence in the blend with 3 wt% of the
copolymer is negligible compare to that of the blend with higher
VeoVa—11/MMA/2EHA content. It can be confirmed by average particles
radius — it increases when time after homogenization increases.

80

1

60 |

40 |

F(r), %/um

20 7|

r, um

Fig. 5. The differential distribution curves of VeoVa-11/MMA/2EHA particles as a
function of copolymer content, wt %: 1 —3;2—10; 3 — 20

The estimated critical value of the capillary number for

VeoVa-11/MMA/2EHA particles in PCP matrices is Ca.;=0.59, at the

viscosity ratio of 4=0.02 (1 was determined at 20°C and y= 145.8 s1). So,

particles with radii higher than 1.5 pm exceed the critical value Ca>Ca,,;, and
burst. The vertical dashed line indicates the particles radius (»=2.8 um), which
is large enough to make the capillary number exceed the critical value (Fig. 5).
It is evident that at low copolymer content (3 wt%) main part of particles radii
are lower than 2.8 um and, so, are in the stable state (no break-up). On the other
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hand, the vertical lines correspond to the distribution curves maximum, when
the copolymer content increases up to 20 wt%. It indicates that most of disperse
phase particles are formed by break up processes.

The investigations show that the evolution of the particles size distribution
function depends on the viscosity ratio 4. VeoVa-10/VAc particles are higher
than those of VeoVa-11/MMA/2EHA due to different viscosity at the same
content. Therefore, the distribution of drop sizes narrows when viscosity ratio 4
decreases from 0.26 (VeoVa-10/VAc) to 0.02 (VeoVa-11/MMA/2EHA).

The changes in morphology cause the changes in PCP adhesion properties
upon VeoVa copolymers content. As can be seen from the Figure 6, low
amount of VeoVa-10/VAc improves PCP adhesion strength in 30%. The
influence of VeoVa-11/MMA/2EHA copolymer is significantly higher — in this
case the peel strength increases in 68 %. This can be referred to the high
interaction in boundary of two polymer phases.

10 P=0.0001$,*-0.03$,5-0.024 $,240.7 § ,+5.4
. ® R?=0.94
8
e
=4
< 6
a

* VeoVa-11/MMA/2EHA
4 e VeoVa-10/VAc

R?=0.93 *

P=8.8+0.144,-0.001¢$,2-1.3¢,%5-3.3%2
2 1 1 1

0 5 10 15 20
d2, W%

Fig. 6. Effect of VeoVa copolymers type and content on PCP adhesion properties (for
styrene-butadiene rubber—canvas adhesive joints)

At higher VeoVa copolymers content peel strength decreases. It may be
attributed to the decrease of composition cohesive strength due to the formation
of inversion structure and decrease of interaction at the phases boundary.

On the other hand, different molecular weight VeoVa-10 polymers do not
affect the bonding strength significantly. Only slight improvement of peel
adhesion is achieved when VeoVa-10 polymers are blended. The effectiveness
of polymers increases when their molecular weight decreases.

The changes in the adhesion properties were accompanied by the changes in
the modified PCP adhesive mechanical properties. It was found that the
influence of VeoVa-10/VAc copolymer on Young’s modulus Ey of adhesive
film is negligible. On the other hand, 3-10wt% of VeoVa-11/MMA/2EHA
strengthens PCP adhesive film: Ey in ~30%.
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However, VeoVa copolymers produce same decrease in the deformability of
the modified adhesive films. It is related to low mechanical strength of the
copolymers comparing to that of PCP.

The influence of VeoVa-10 polymers on the mechanical properties of PCP
adhesive is not remarkable and depends on the molecular weight.

Influence of piperylene styrene copolymer (PSC). The PCP/PSC
compositions were investigated to determine the influence of the copolymer
content on the phase morphology and rheological properties of the adhesive.
Rheological measurements, performed at various temperatures, different
copolymer content and adhesive solid content, show that the effect of shear rate
is more significant in the systems with high solid content and with 25 -30 wt%
of PSC. Also, the influence of temperature is revealed more intensively, when
PSC content is not less than 25 wt%. This content of copolymer results on
appreciable decreases of the PCP adhesive viscosity.

The departure of the viscosity—composition relationship from log-additivity
rule of PCP modified by PSC was found at all composition range. The viscosity
of PCP adhesive with 15-25wt% of PSC is above the log additive rule,
indicating high interaction between phases. However, drastic decrease in the
adhesive viscosity and, thus, negative departure of log7(¢,) relationship from
the log-additivity rule was obtained for the blend with higher copolymer
content.

Influence of isoprene or butadiene - nitrile rubbers and poly(methyl
methacrylate). The improvement of PCP adhesion properties can be achieved
by addition of poly(methyl methacrylate) (PMMA), isoprene rubber (SKI-3S)
and butadiene-nitrile rubbers, also. The low amounts (1 - 4 wt.%) of PMMA or
SKI-3S increase the peel strength of PCP adhesive in 28 -31 %. The influence
of butadiene-nitrile rubbers (SKN) is not such remarkable and depends on the
number of acrylonitrile groups. Rubber with high amount of acrylonitrile is
more effective.

In Capter 4 the surface structures arising in the polychloroprene adhesive
composition was analyzed. The emphasis on the relationship between the
adhesion properties and surface structure of adhesive film was made.

Surface tension of PCP, VeoVa derivatives and PSC films was estimated
theoretically and defined by experimental contact angle techniques. It was
obtained that the disparities between surface tension y values of investigated
polymers determined by different estimation methods are, with a few
exceptions, very small. However, advantages and disadvantages are
characteristic for each method to be used. Therefore, it is important to apply
several independent methods in order to determine the real surface tension
values.

Applied experimental methods are based on the contact angle
measurements. Zisman method and four thermodynamic models — equation of

12




state (ES), Lifshitz-van der Waals acid-base (LWAB), geometric mean (GME)
and harmonic mean (HME) approaches — were applied for polymers surface
analysis. As can be seen from the Table 2, y values from most approaches have
high correlation. However, surface tension values of polymers depend on the
liquids to be used or composition of liquids pairs.

Table 2. Comparison of investigated polymers films surface tensions 7 (mJ/m?) from
different estimation approaches

Fowkes equation

Polymers GME HMA LWAB B8
W-DI G-DI W-DI G-DI W-G-DI G
PCP 40.2 39.2 47.3 41.6 40.1 35.5
VeoVa-10/VAc 36.6 36.5 41.2 394 37.5 349
VeoVa-11/MMA/2EHA 37.2 37.1 40.7 39.1 37.7 33.0
VeoVa-10 II 27.7 26.9 335 30.7 28.5 33.8
VeoVa-101 37.3 35.5 43.7 39.0 37.9 41.8
PSC 48.5 47.6 53.9 49.5 48.8 394

W — water, G — glycerol, DI — diiodomethane,

Estimated values for y of PCP are close to the values found in other author
works. VeoVa polymers and copolymers surfaces have low energy. On the
other hand, PSC has the higher y value than most polymeric materials.

The theoretical estimation of surface tensions % from both parachor P, and
cohesive energy E..p,, using the concept of molecular group contribution, was
carried out, also. In this case y values of estimated polymers are in a relatively
good correlation with the experimental data. However, theoretical methods are
not suitable for the evaluation of surface tension for polymers of the same
nature, but different molecular weight.

The study of influence of surface properties of polymeric additives on PCP
surface properties shows that its surface tension decreases as content of
VeoVa-101I increases. Low amount (3 wt%) of the additive reduces surface
tension of PCP film from 41.0 mJ/m* up to 37.9 mJ/m’ (Fig. 7). Further increase
of VeoVa-10 II content does not make significant influence on the adhesive .
It may be supposed that low surface tension VeoVa-10 II polymer has tendency
migrate to the surface and enrich top layer of PCP. So, the excess of
VeoVa-101I on the adhesive surface decreases PCP adhesion properties due to
low cohesion strength of the additive.

It was found that no direct correlation between surface tension of the
modified adhesive and VeoVa copolymers content exists. So, in this case the
improvement of PCP adhesion properties can not be explained only by surface
tension data.
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PCP surface tension depends on PSC content, also (Fig. 8). In this case 10 -
15wt% of PSC increase » of adhesive up to 44.9-46.9 mJ/m’>. However,
surface tension decreases and becomes similar to that of unmodified adhesive at
the higher PSC content. It may be supposed that high differences in surface
tension values between blend components favour blend phase separation due to
system tendency to minimize its total free energy.

50
%=32.3+7.9exp(-/8.1)
«  45f i
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Fig. 7. Dependence of surface tension % of PCP film on VeoVa-10 II polymer content
55
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Fig. 8. Dependence of surface tension y of PCP film top (1) and bottom (2) on the PSC
content

To describe the mechanism of surface tension changes, the contact angles
on the side of the PSC/PCP film facing the support (bottom of the film) were
determined. The study has shown that up to 15 wt% of PSC surface tension is
the same on both sides —film top and bottom. However, at the higher additive
content y of the top layer decreases, while of the bottom — increases and at
40 wt% of copolymer becomes similar to that of pure PSC. It may be concluded
that up to 15 wt% of PSC composition is compatible. However, higher amount
of PSC exhibits phases separation. The change of the composition surface state
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may be attributed to the segregation of film, e.i. PCP segregated on the surface,
PSC — on the bottom of film. It may be assumed that surface segregation is
caused by the difference in surface tension between the components.

The phase separation causes the increase in the adhesion strength of
styrene-butadiene-styrene thermoplastic (SBS) rubber joints. It is related to the
increase of compatibility between SBS rubber and modified adhesive due to
enrichment of adhesive bottom layer by PSC. It may be supposed that PSC acts
as primer and intensifies interaction at the interface with rubber.

The different influence of the additives on the PCP surface properties can be
related with compatibility between composition phases. For estimation of the
compatibility the interfacial tension Vs between adhesive components has

been evaluated. It was found that most of studied additives are compatible with
PCP, i.e. interfacial tension between the components is o < 2 mJ/m’.
1

Dilute-solution viscometry was applied to evaluate the compatibility
between PCP adhesive components, also. This method is based on the
determination of intermolecular interaction between the two different polymers
in solution. The interaction between molecules leads to its conformational
changes and, thus, influence on the solution viscosity.

The estimation of the compatibility of polymers in solvent-polymer-polymer
system has been studied by means of four miscibility parameters: the signs of
Al 7], Ab, AB and thermodynamic parameter o. It is acceptable that polymer are
miscible when experimental values of parameters are higher than that of
theoretical (calculated from the weight additive rules) and immiscible — when
lower.

It was found that PCP is immiscible with VeoVa-11/MMA/2EHA in all the
composition range. It may be attributed to the presence of repulsive forces
between polymers macromolecules. The miscibility parameters evaluated for
the modified PCP compositions with VeoVa-10III polymer indicate that these
polymers are miscible in certain compositions. Both the attractive and repulsive
interactions are characteristic for these blends. The miscibility limit is reached
in the composition with 15 wt% of VeoVa polymer.

Meanwhile, the positive parameters values indicate that PCP and PSC are
miscible for all adhesive composition range due to attractive interactions
between polymers macromolecules.

The effect of the compatibility and polymers ratio on the surface
morphology of PCP/PSC film was investigated by AFM. From AFM torsion
images can be seen (Fig. 9) that films of pure PCP and PSC display different
images. Single PCP contains a large number of hills and valleys (Fig. 9 a). On
the other hand PSC film exhibit flat surface (Fig. 9 ). These differences can be
attributed to the difference in molecular weight and structure of polymers.
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The surface of PCP/PSC film shows torsion images different from that of
the pure polymers. Addition of 15 wt% of PSC causes the formation of fine
structure, but with higher local surface height. From Fig. 10 it is evident that
composition surface consisted of bright and dark areas. It may be assumed that
bright areas, which occupied the largest area of the image, correspond to PCP
phase and dark areas — to PSC phase. Therefore, the composition has two phase
structure.

Ra=3227 Rg=4163
Ra=264 Rg=467

0.0
a b
Fig. 9. AFM torsion images of PCP (a) and PSC (b) films top

Ra=(423.2 Rq=0004.9

00
Fig. 10. AFM torsion image of PCP-PSC (85/15 wt%) film top

In order to confirm the segregation effect of the adhesive with 25 wt% and
40 wt% of PSC, that was described above, the torsion images of films top and
bottom were compared (Fig. 11). AS can be seen, the top and bottom of
modified PCP films display distinct AFM images. The top of film exhibits the
images like that of pure PCP, while the surface of bottom layer has lower
roughness, its torsion images just like that pure PSC.

16
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0.0

a b

Fig. 11. AFM torsion images of PCP/PSC (60/40 wt%) film top (a) and bottom (b)

Thus, the modification of PCP adhesive by vinyl ester and styrene additives

allows to manipulate its surface properties. However, it is not easy to explain
synergism of adhesion properties by the changes in the surface properties of the
binary blend or single blend components. The process of adhesion is complex
and may involve several different mechanisms. The combination of these
individual contributions leads to the final strength of adhesive joints, though
individual mechanisms may dominate under specific conditions.

1.

Conclusion

Polymer additives, such as vinyl esters of versatic acids derivatives
(VeoVa), piperylene-styrene copolymer (PSC), poly(methyl methacrylate),
izoprene or butadiene-nitrile rubbers can be used for solvent-base
polychloroprene adhesive modification. Synergetic effect is characteristic
for the modified adhesive, the degree of which depends on the type and
content of additives.

VeoVa copolymers show the greatest influence on the properties of
polychloroprene adhesive. Effective content of copolymers increases
viscosity, mechanical and adhesion properties in 30 % and 70 %,
respectively. It can be referred to high interaction energy and compatibility
between composition phases.

It was found that an interrelationship between the morphology and
rheological properties of the modified PCP adhesive exists. The changes in
the PCP solution viscosity correspond to the spontaneous changes of
adhesive structure. The decrease of viscosity at low copolymers content
(1-2 wt%) corresponds to the forming suspension structure. In this case
VeoVa copolymers particles are dispersed in polychloroprene matrices.
The increase of copolymers content (up to 5 - 15wt%), leads to the
increase of particles size, interaction between phases and adhesive
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viscosity. Higher amount of copolymers exhibits formation of continuous
two phase structure (inversion structure) and decrease in adhesive
viscosity.
The structure of VeoVa copolymers the modified polychloroprene
adhesive film depends on the microrheological processes during
components blending and adhesive film formation. The size of copolymers
particles is determined by both break-up and coalescence processes. The
demarcation between the stable and unstable state of the particles was
defined by the value of critical capillary number. It was found that at the
lower VeoVa content (3 wt%) average radius of the particles remains
constant and do not exceed the critical value. At the higher content —
coalescence and break-up of VeoVa particles takes place simultaneously,
therefore polydispersity and particles radius increase.
The surface tension values of PCP and its modifiers films were obtained
by experimental and theoretical methods. It was found that VeoVa
polymers and copolymers have low energy surfaces. PSC has the higher
surface tension value than most polymeric materials. The surface tensions,
estimated by experimental methods, based on the contact angle
measurements, are dependent on the liquids to be used for determination
and experimental errors of measurements. The theoretical estimation of
surface tensions from parachor and cohesive energy, using the concept of
molecular group contribution, are not suitable for the evaluation of surface
tension for different molecular weight of VeoVa polymers.

The study of surface tension and surface morphology by atomic force

microscopy shows that surface tension of polymeric additives has the

significant influence on the structure and adhesion properties of
polychloroprene adhesive:

— low surface tension VeoVa polymer has tendency to migrate to the
surface and to enriche top layer of polychloroprene. The increase of the
excess of modifier on the adhesive film surface decrease peel strength of
adhesive joints due to the low cohesion strength of additive;

— the influence of VeoVa copolymers, which have similar surface tension
as polychloroprene, on the surface properties of composition are
negligible;

— the enrichment of adhesive bottom layer by the additive occurs using
high surface tension piperylene-styrene copolymer. In this case the
adhesion properties of polychloroprene depend on the additive
compatibility with substrate to be bonded.

The miscibility behaviour of the modified polychloroprene composition

was studied by the determination of the polymers interaction parameters,

using dilute-solution viscometry method. It was found:
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— PCP is immiscible with VeoVa-11/MMA/2EHA in the all composition
ranges. It may be attributed to repulsive forces between polymers
macromolecules;

— PCP is miscible with VeoVa-10 polymer only at the higher modifier
content (9 - 15 wt%). Both the attractive and repulsive interactions was
established in this case;

— the positive parameters values in all compositions range indicate the
attractive interactions between PCP and PSC. So, miscibility between
these components is characteristic.

Investigation show that surface tension values can be used for the

screening suitable polymers pairs for the blends. The knowledge of surface

tension of adhesive components is essential to the prediction of
compatibility, structure development and performance characteristic of
adhesive compositions.
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Reziumé

Tiriamoji problema. Adheziniy rei$kiniy vertinimo teorijy yra daug, taiau
universalios, galinCios paaiSkinti adhezinio rySio susidarymo mechanizma,
néra. Tod¢l, kuriant adhezines kompozicijas, Siuo metu egzistuojanciomis
adheziniy reiskiniy vertinimo hipotezémis pasinaudoti sudétinga. Sio reiskinio
stadijiSkumas ir daugelio veiksniy itaka apsunkina adhezinio sujungimo
formavimosi ir elgsenos bendry désningumy nustatyma. Adhezinio sujungimo
stiprumas priklauso nuo daugelio tarpusavyje susijusiy veiksniy. Ji lemia ne tik
adhezinés, bet ir mechaninés ar energetinés kompozicijos komponenty savybés.
Todél naujuy adheziniy reiskiniy vertinimo kriterijy paieska, eksperimentiniy
duomeny kaupimas ir analizé leisty suformuluoti teiginius, kurie palengvinty
medziagy adhezinio pajégumo ar sanklijy stiprio prognozavima.

Darbo aktualumas. Platus polimery miSiniy panaudojimas jvairiose srityse,
siekiant gauti medziagas, pasizymincias tam tikru i§ anksto pageidaujamy
savybiy kompleksu bei iSvengti nauju medziagy sintezés, lemia tokiy medziagy
moksliniy tyrimu aktualuma. Polimery miSiniy iSskirtinuma salygoja ne
tiesinis, o sinergetinis savybiu kitimo pobtdis, kuris yra ju unikalios dvifazés
struktiiros rezultatas. Besiskirianciy savybémis faziy darinys turi kitokias nei
iSeitiniy misinio komponenty savybes. Taciau polimery misiniy savybiy
prognozavima apsunkina daugelio parametry itaka ju strukttirai. Didelg itaka
miSiniy struktlirai daro dispersinés fazés parametrai, tarpfazinio sluoksnio
struktiira, saveikos tarpfazinéje riboje intensyvumas, maiSomy polimery
savybés bei gamybos salygos. Todél vienas i§ pagrindiniy polimery miSiniy
tyrimo uzdaviniy yra rySio tarp miSiniy formavimosi mechanizmo, jy
morfologijos ir savybiy nustatymas.

Siuo metu didelis démesys skiriamas tarpfaziniy ir pavir§iniy reiskiniy
itakos polimery miSiniy savybéms analizavimui. Tai pagrista tuo, kad
pavirS§iniy misinio sluoksniy formavimosi ypatumuy bei savybiy tyrimai leidzia
numatyti procesus, vykstancius polimery adhezinés saveikos metu, bei kitus
reiSkinius, kuriems yra svarbios ribiniy sluoksniy struktiira ir savybés.

Moksliniuose darbuose dominuoja polimery lydaly miSiniy morfologijos ir
savybiy tyrimai. Tuo tarpu darby, nagrinéjanciy trikomponentes polimeras-
polimeras-tirpiklis sistemy savybes, yra gerokai maziau. Siy tyrimy stoka gali
biti tolimesniy tyrimy akstinas.

Darbo tikslas. Tstirti modifikuoty polichlorpreniniy adheziniy kompozicijy
morfologijos kitimo désningumus, siekiant prognozuoti sankliju adhezing ir
mechaning elgsena, norint gauti gery eksploataciniy savybiy gaminius.

Siam tikslui pasiekti buvo iskelti tokie ufdaviniai:

— istirti  polichlorpreniniy  kliju modifikavimo polimeriniais priedais

galimybes;

— jvertinti modifikuoty kliju strukttiros jtaka ju savybéms;
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— istirti polichlorpreno bei modifikuojanciy polimeriniy priedy pavirsiaus
itempius;

— nustatyti polimerinio priedo pavirSiniy savybiy ijtaka polichlorpreniniy
klijy struktiirai;

— jvertinti modifikuoty polichlorpreniniy kliju komponenty saveikos
parametrus bei suderinamuma.

Darbo mokslinis naujumas ir praktinis vertingumas. Naudojant ivairios
prigimties polimerinius priedus galima pagerinti adheziniu kompozicijy
savybes. Nustatyta, kad ivairlis versatinés riigties vinilo esterio dariniai,
butadiennitriliniai ar izopreniniai kauciukai, polimetilmetakrilatas gali buti
naudojami kaip efektyvis polichlorpreniniy kliju modifikatoriai, gerinantys
technologines ir eksploatacines ju savybes.

[vertinta modifikuoty kliju sudéties, struktiiros ir polimerinio priedo
prigimties itaka jy savybéms:

— nagrinéti polichlorpreniniy tirpikliniy klijy plévelés struktiiros formavimosi
mechanizmai, struktiiros pokycius vertinant pagal adhezinés kompozicijos
fazes sudaranciy polimery bei ju miSiniy klampy vertes;

— modifikuoty polichlorpreniniy kompoziciju faziy elgsena buvo aiskinama,
naudojantis dispersinés fazés daleliy skilimo ir koalescencijos procesy
modeliais. Nagrinéta dispersiniy daleliy pasiskirstymo pagal dydi funkcijos
priklausomybé nuo miSinio sudéties, maiSymo parametry ir fazes
sudaranéiy polimery klampy santykio;

— polimery pléveliy pavirSiaus itempiai bei poliskumas jvertintas teoriniais ir
eksperimentiniais metodais, parodyti Siy metody tritkumai ir privalumai;

— nustatyta maiSomuy komponenty pavirSiaus itempiy jtaka kompozicijos
adhezinéms savybéms;

— istirta adhezinés kompozicijos suderinamumo bei saveikos tarpfazinéje
riboje itaka polichlorpreniniy kliju savybéms.

Atlikti moksliniai tyrimai gali buti pritaikyti prognozuojant adheziniu
kompozicijy savybes, o nustatyti désningumai gali padéti kryptingai parinkti
komponentus, kad biity gaunamos adhezines kompozicijos su norimu savybiy
kompleksu. Nustatyti désningumai svarbiis ne tik praktiniu, bet ir moksliniu
pozitiriu.

ISvados

1. Polichlorpreniniy klijuy savybes galima gerinti modifikuojant juos jvairiais
polimeriniais priedais, tokiais kaip versatinés riigSties vinilo esterio
(VeoVa), stireno dariniais. Kliju savybes keicia ir butadiennitriliniai ar
izopreniniai kauc¢iukai bei polimetilmetakrilatas. Nustatyta, kad Siais
priedais modifikuotiems  polichlorpreniniams klijams pasireiskia
sinergizmo efektas, kurio laipsnis priklauso nuo priedy prigimties ir
kiekio.
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Geriausiomis savybémis pasizymi polichlorpreniai klijai, modifikuoti
nedideliais (3 mas.% - 10 mas.%) VeoVa kopolimery kiekiais. Sanklijuy
stipris, klijy pléveliy tamprumo modulis ir tirpalo klampa padidéja 30 % -
70%. Nustatyta, kad kliju savybiy kitimas susijes su struktiiros,
komponenty suderinamumo bei saveikos tarpfazinéje riboje pokyciais.
Optimalios $iais kopolimerais modifikuoty polichlorpreniniy klijy savybés
gaunamos tuomet, kai kompozicija turi suspensing struktiira.

Modifikuoty polichlorpreniniy kliju reologinés savybés priklauso nuo ju
struktiiros. Klijuy klampos sumazéjimas, esant nedideliems VeoVa ir PSK
kopolimery kiekiams (1 mas.% - 2 mas.%), gali buti susijgs su
smulkiadispersinés suspensinés struktiiros susiformavimu bei silpna
saveika faziy skiriamojoje riboje. Didéjant dispersing fazg sudarancio
kopolimero kiekiui (iki 5 mas.% - 15 mas.%) daleliy dydis, saveika faziy
skiriamojoje riboje bei polichlorpreniniy kliju klampa didéja. Toliau
didéjantys kopolimery kiekiai formuoja inversing struktiira, todél saveika
tarpfazinéje riboje silpnéja, o kliju klampa mazéja.

VeoVa kopolimerais modifikuoty polichlorpreniniy kliju struktiira
priklauso nuo mikroreologiniy procesy, vykstan¢iy kompozicijos
paruo$imo ir klijy plévelés formavimosi metu — kopolimery daleliy
skilimo ir koalescencijos. Daleliy stabiluma jvertinus pagal kapiliaro
skaiCiaus vertes, nustatyta, kad, esant mazam VeoVa kopolimero kiekiui
(3 mas.%), dalelés yra stabilios biisenos, nes yra per mazos, kad vykty ju
skilimas, ir per toli viena nuo kitos, kad vykty ju koalescencija. Didéjant
kopolimero kiekiui iki 20 mas.%, vyksta ir daleliy skilimas, ir ju
koalescencija, todél daleliy spindulys ir kompozicijos polidispersisSkumas
didéja.

Nustacius polichlorpreno ir modifikuojanciy priedy pléveliy pavirSines
savybes gauta, kad VeoVa polimerai ir kopolimerai yra mazo pavirSiaus
itempio medziagos. Tuo tarpu piperileno stireno kopolimero pavir§iaus
itempio verté yra zymiai didesné nei kity polimeriniy medziagy. Taciau
tirty polimery pavirSiaus jtempio vertés priklauso nuo pasirinkto
(eksperimentinio arba/ir teorinio) jvertinimo metodo. Eksperimentiniai
metodai, paremti vilgymo kampo matavimu, priklauso nuo darbe
naudojamy pavirSiaus jtempiy skaiCiavimo lygciy ir skys¢iy prigimties.
Teoriniais metodais gautos tirty polimery pavirSiaus itempiy vertés
sutampa su vertémis, nustatytomis eksperimentiniu biidu, bet jos neparodo
itempiy priklausomybés nuo polimero molekulinés masés.

Modifikuoty polichlorpreniniu kliju pléveliy pavirSiaus jtempiu bei
pavirSiaus morfologijos tyrimai, atlikti atominiy jégy mikroskopu, parodé,
kad tirty polimeriniy priedu pavirSiaus itempiy vertés turi didele itaka
polichlorpreniniy kompozicijy adhezinéms savybéms bei strukttirai:
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— VeoVa kopolimerai, turintys panasy kaip polichlorprenas pavirSiaus
itempj, didélés jtakos jo pavirSiaus savybéms nedaro. Siais
kopolimerais modifikuoty adheziniy kompoziciju savybiu pokyciai
priklauso nuo komponenty suderinamumo ir morfologijos;

— VeoVa polimeras, pasizymintis mazesniu nei polichlorprenas
pavirSiaus itempiu, koncentruojasi plévelés pavirSiuje, Sitaip
mazindamas kompozicijos pavirSiaus jtempio vertes bei gerindamas
klijy adhezines savybes;

— didesnés uz polichlorpreno piperileno stireno kopolimero pavirSiaus
itempio vertés lemia klijy plévelés iSsisluoksniavima jos formavimosi
metu. Piperileno stireno kopolimeras migruoja i apatinj kliju pléveleés
sluoksnj ir didina saveika tarp maZo pavirSiaus jtempio substrato ir
polichlorpreniniy kliju.

Modifikuoty  polichlorpreniniy  kliju  suderinamumas,  jvertintas

kompozicijos komponenty makromolekuliy saveikos parametrais,

nustatytais viskozimetriniu praskiesty tirpaly metodu. Gauta:

— polichlorprenas ir VeoVa-11/MMA/2EHA kopolimeras dél stiimos
jégu, veikianCiy tarp ju makromolekuliy, yra nesuderinami
nepriklausomai nuo ju santykio kompozicijoje;

— polichlorprenas yra suderinamas su VeoVa polimeru tik esant
didesniems S§io priedo kiekiams (9 mas% - 15 mas.%). Priklausomai
nuo VeoVa polimero kiekio, kompozicijoje pasireiskia tiek stlimos,
tiek ir traukos jégos;

— piperileno stireno kopolimeras yra suderinamas su polichlorprenu
visame tirtame kompozicijos intervale. Toks suderinamumo kitimas
yra susijgs su traukos jégy, veikianCiy tarp atskiry kompoziciju
komponenty makromolekuliy, veikimu.

Parodyta, kad pavirSiaus itempis gali biti vienas i$ adheziniy kompoziciju

komponenty parinkimo kriteriju: tarpusavio pavirSiaus jtempio jvertinimas

leidzia prognozuoti komponenty suderinamuma, struktiiros formavimasi,
adhezines ir eksploatacines savybes.

24



UDK 665.93:620.18(043)

SL 344. 2004-12-9. 1 leidyb. apsk. 1. Tirazas 70 egz. Uzsakymas 452.
Isleido leidykla ,,Technologija‘‘, K. Donelai¢io g. 73, 44029 Kaunas
Spausdino leidyklos ,,Technologija‘‘ spaustuve, Studenty g. 54, 51424, Kaunas



